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© Spray encapsulation of photovoltaic modules. 

© A method for encapsulating a photovoltaic module and an encapsulated photovoltaic module. The photovol- 
taic module includes a superstate and one or more photovoltaic cells disposed on the superstate. A barrier 
coating is applied to the exposed side of the photovoltaic module. The barrier coating is a mixture of a two 
component fluorinated poiyurethane with 3-glycidoxy propyltrimethoxy silane. The photovoltaic module may also 
include an isolation scribe located around the perimeter of the exposed surface of the module. 




Xerox Copy Cenire 



EP 0 406 814 A2 



SPRAY ENCAPSULATION OF PHOTOVOLTAIC MODULES 

Background of the invention 
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cells are fabricated. The photovo.taic cells are connected n ^nes ana h 

"encapsulant" or a "barrier coating". nhnt rwnltaic modules can also be protected by isolation 
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photovoltaic cell to encapsulate the cell. 



Summary of the Invention 
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polyurethane material with 3-glycidoxy propyltrimethoxy silane. applying the mixture onto the exposed 
surface of the photovoltaic module, heating the photovoltaic module at a first temperature for a time 
sufficient to dry the mixture and heating the photovoltaic module at a second temperature for a time 
sufficient to cure the mixture. 

5 The coating material of the present invention is preferably applied by spraying onto the exposed 
surface of the module. After application, the coating may be dried at a temperature ranging from 50 to 
90* C and then may be cured at a temperature preferably ranging from 80* to 150* C and more preferably 
at a temperature ranging from 90* to 130* C. The coating thickness preferably ranges from 1.0 to 3.0 mils 
dry film thickness and more preferably ranges from 1 .8 to 2.2 mils dry film thickness. 

w The coating materia! of the invention may be applied in a single layer, or alternatively, may be applied 
in two or more layers. 

Also in accordance with the present invention an encapsulated photovoltaic module is provided that 
includes a superstate and one or more photovoltaic cells disposed thereon. The one or more photovoltaic 
cells has an exposed surface. The exposed surface of the one or more photovoltaic cells contains a two 
75 component barrier coating. This barrier coating comprises the reaction product of a fluorinated polyurethane 
material mixed together with 3-glycidoxypropyltrimethoxy silane. 

The barrier coating mixture may also contain a solvent such as methyl ethyl ketone. The amount of the 
3-glycidoxypropyltrimethoxy silane in the barrier coating mixture preferably ranges from 1 .0% to 2.0% by 
weight. 

20 The photovoltaic module also preferably includes an isolation scribe located around the perimeter of the 
module. The isolation scribe is preferably 5-8 microns in width. 



Brief Description of the Drawings 

25 

The accompanying drawings, which are incorporated in and constitute a part of this specification, 
illustrate one embodiment of the invention and, together with the description, serve to explain the principles 
of the invention. 

30 Fig. 1A is a perspective view of a photovoltaic module useful in the present invention. 

Fig. 1B is a cross-sectional view taken along sectional line IB-IB of the photovoltaic module of Fig. 1A. 
Fig. 2A is a plan view of a photovoltaic module useful in the present invention including insulating pads 
disposed thereon. 

Fig. 2B is a side-sectional view of the photovoltaic module of Fig. 2A. 
35 Fig. 3 is a side-sectional view of the photovoltaic module of Fig. 2B including an encapsulant or barrier 
coating layer. 

Fig. 4A is a top view of the photovoltaic module of Fig. 1A including an isolation scribe in the back 

contact layer around the perimeter of the module. 

Fig. 4B is a side-sectional view of the photovoltaic module of Fig. 4A. 

40 

Description of the Preferred Embodiments 



45 Reference will now be made in detail to the present preferred embodiments of the invention, examples 
of which are illustrated in the accompanying drawings. 

In accordance with the present invention, a method is provided for encapsulating a photovoltaic module. 
The photovoltaic module includes a superstrate and one or more photovoltaic cells. As shown in Figs. 1A 
and 1B, and designated generally by the numeral 10, a conventional photovoltaic module is provided that 

so includes, a superstrate 12 of. for example glass, and a photovoltaic cell assembly 13 that includes one or 
more photovoltaic cells 14 connected in series. Photovoltaic cell assembly 13 is referred to herein as "cell 
assembly 13". As an example, photovoltaic module 10 of Fig. 1 A shows four individual photovoltaic cells 14 
connected in series on superstrate 12. As more clearly shown in Fig. 1B. cell assembly 13 is fabricated on 
superstrate 12 by depositing a first conductor 16 of. for example, tin oxide (S n 0 2 ), a layer 18 of amorphous 

55 silicon and a second or back contact layer 20 of. for example, aluminum. In the absence of a covering or 
encapsulating material, a surface 21 of back contact layer 20 is exposed to ambient conditions. Surface 21 
is referred to herein as the "exposed surface of the photovoltaic module" or simply the "exposed surface." 
For simplicity of illustration, the individual layers in cell assembly 13 are not shown in Figs. 2A-2B but it 



3 



EP 0 406 814 A2 



is to be understood that cell assembly 13 does include such layers as previously described. 

As indicated in reference to Figs. 1A and 1B, the photovoltaic cells of each photovolta.c module are 
connected in series. Accordingly, to make use of such a photovoltaic module a connection must be formed 
to each end of the series of photovoltaic cells in a module. Thus, as shown in Figs. 2A and 2B. insulation 
pads 22 are disposed on cell assembly 13. Insulation pads 22 preferably include a silver frit buss bar which 
enables an electrical connection to be formed at each end of a photovoltaic module. 

In order to protect the photovoltaic module from galvanic corrosion when utilized in an outdoor 
environment and exposed to typical outdoor stresses such as moisture and acid rain, the present invention 
provides a spray encapsulant for application to the exposed surface of the photovoltaic module. 

Fig. 3 illustrates a photovoltaic module 10 including a spray encapsu>ant or barrier coating 34 applied to 
the exposed surface of the module. 

In accordance with the present invention, a mixture of a two component fluonnated polyurethane witn J- 
glycidoxy propyltrimethoxy silane can be applied to the exposed surface of the one or more photovoltaic 
cells. The two component fluorinated polyurethane is preferably CPU 66/3 (available from KRC Research 
Corp.. Moorestown, N.J.) which is a 5:1 mixture of 

(A) a fluorinated polyester/alkyd and ethyl glycol acetate and 

(B) a coreactant which is 1 ,6-hexamethylene diisocyanate prepolymer. The 3-glycidoxy propyltrimethoxy 
silane is preferably coupling agent Z-6040 (available from Dow Corning. Midland. Ml). 

The encapsulant of the invention comprising a mixture of a two component fluorinated polyurethane 
with 3-glycidoxy propyltrimethoxy silane also functions to protect the photovoltaic module from mechanisms 
other than galvanic corrosion. The encapsulant can protect the module from acid rain which is capable, by 
the action of HCI. of etching back contact layer 20 of the photovoltaic module. In addition, the encapsulant 
of the invention can protect the module from scratches and other harmful abrasions. 

The encapsulant of the invention is preferably sprayed onto the photovoltaic module by use of, for 
example, an air type spray gun. A stationary hand-type gun or an automated spraying system may be 
utilized The preferred amount of 3-glycidoxy propyltrimethoxy silane in the mixture ranges from 1.0% to 
2 0% by weight. The mixture may also include a solvent, such as methyl ethyl ketone. The m.xture may be 
applied in a single layer or may be applied in two or more layers. After application^ of a coating layer of 
encapsulant the layer may be heated to a temperature preferably ranging from 50 to 90 C to dry the 
layer. If utilizing a hand-type sprayer, the drying step may range from 10 to 30 minutes, whereas due to 
increased efficiency, a shorter period will be sufficient when utilizing an automated system. The coating 
layer can then be heated to a temperature preferably ranging from 80 to 150 C and more preferably to a 
temperature ranging from 90* to 130* C to cure the layer. The curing step may range from 10 to 30 
minutes for a hand sprayer and less for an automated sprayer. The final dry film th 1C kness of the 
encapsulant layer preferably ranges from 1.0 to 3.0 mils and more preferably ranges from 1.8 to 2.2 mils. 

The mechanism of curing is believed to consist of the silane compound crosslinking with the fluorinated 
polyurethane compound. In order to achieve effective crosslinking. it is important that (a) chemically 
reactive groups be available in the polymer to react with the silane compound, (b) the type of reactivity in 
the polymer be matched with the silane functional groups, (c) the silane rate of reactivity be s.m.lar to that 
of the polymer, and (d) the silane retain sufficient mobility until cure, so that it is free to migrate to the 
exposed surface of the photovoltaic module. In turn, the silane compound bonds with the aluminum of the 
exposed surface of the photovoltaic module. Presumably, the aluminum of the exposed surface of the 
photovoltaic module is hydrated, i.e., is characterized by the presence of hydroxy! groups at the surface, 
and the silane compound is believed to react with these AIOH surface groups. 

In accordance with the invention, the encapsulant may be applied to the photovoltaic module prior to 
attachment of electrical connections to insulation pads 22. If this is the case, a maskant may be applied to 
insulation pads 22 to protect them from the barrier coating or the coating may be removed around insulation 
pads 22 prior to attachment of the electrical connections. Alternatively, the electrical connections may be 
attached to insulation pads 22 and masked prior to application of the encapsulant. 

In accordance with another aspect of the invention, as shown by Figs. 4A and 4B, an isolat.on scribe 30 
is preferably located around the perimeter of back contact layer 20 of photovoltaic module 10. The purpose 
of isolation scribe 30 is to coact with the encapsulant 32 to further protect the module from acid rain, 
moisture and other contaminants to prevent galvanic corrosion. The encapsulant that is disposed in scribe 
30 acts as a wall or a barrier to the propagation of moisture or other contaminants in a direction paratle to 
the exposed surface of the photovoltaic module. The encapsulant of the invention has a high dielectric 
strength which, because of the direct correlation between isolation scribe width and the electrical breakdown 
voltage of the module, enables a wide isolation scribe 30 to be utilized while still achieving the desired 
breakdown voltage. Therefore, isolation scribe 30 can be made wider than those scribes of the prior art 
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without resulting breakdown voltage problems. Prior art isolation scribes usually range from 1-2 mils in 
width. Isolation scribe 30 preferably has a width ranging from 5 to 8 mils. The wider scribe provides a 
greater barrier against moisture, is more easily cleaned and is easier to fabricate than the narrower scribes 
typically utilized by the prior art. The combination of the wider isolation scribe and the application of an 
encapsulant barrier coating acts to effectively protect the photovoltaic module from galvanic corrosion 
caused by ambient conditions. 

The following example is provided to illustrate the present invention and some of its advantages. The 
example is not to be considered as limiting the present invention. 
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EXAMPLE 1 

Sixteen modules were coated with a barrier coating containing 1% by weight of 3-glycidoxy-propyl- 
trimethoxy silane mixed with CPU 66/3 which is a two-component fluorinated polyurethane material available 
from KRC Research Corp., Moorestown, New Jersey. The coating was applied in a single layer by utilizing 
an Integrated Technologies Automated Spraying System utilizing eight (8) respirating guns. The coating 
layer was applied to a thickness of 4 mils wet. The modules were then placed on a conveyor belt and 
transported through an oven consisting of an initial flash zone (five feet long) followed by five heating zones 
(each two feet in length). The entire oven length was 15 feet. The temperatures in heating zones 1-5 were 
50' C, 75' C, 100' C, 100* C and 120' C. respectively. The modules were conveyed through the oven at a 
rate of 1 foot/minute. The final dry film thickness of the coating layer was 2.0 mils. 

The coated modules underwent several different environmental tests. All 16 had wide (5-8 mils) isolation 
scribes and wires soldered to them with hot melt over the solder joints. The 16 modules were divided into 3 
groups. Group 1 underwent thermal cycle and humidity freeze tests. Group 2 underwent a water immersion 
test and group 3 underwent humidity soak and wet isolation tests. 

The results were as follows: 
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Group 1_ 

The thermal cycle (T.C.) testing was conducted in an environmental enclosure which maintains a dry 
temperature cycle of + 90*C to -40 ' C; 4 cycles a day with a 45-minute transition period between cycles. 
The test was run for 12.5 days. 

The humidity freeze (H.F.) testing was conducted in an environmental enclosure which maintained 85 /o 
humidity throughout the test. The temperature cycle was +85* C for 20 hours to -40* C for 1-2 hours. The 
test ran for 10 days. 
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VOLTAGE 


AVERAGE 
Pm (volts) 


Initial 


11.77 


2.45 


After T.C. 


11.93 


2.60 


After H.F. 


11.90 


2.63 


(Pm-maximum power) 



The modules did not degrade as a result of this testing. 
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Group 2 



Water immersion was conducted by immersing the modules in water heated to 50 C for 5 days with an 
ELH lamp. The ELH lamp is manufactured by and available from GTE Sylvania Products Corp. of Salem, 
55 Massachusetts. The modules were electrically tested after testing for degradation. 
The effects of water testing were as follows: 
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(standard) 






AVERAGE 


a 


(deviation) 


Pm 


a 










AVG 




Initial Voltage 


11.09 


.44 




2.12 


.08 


After W.I. 


11.47 


.20 




2.16 


.16 



w Water Immersion had essentially no effect on the modules. 



Group 3 

75 Humidity soak testing was conducted in an environmental enclosure with a humidity of 85% and a 
temperature of 85* C. The test was 30 days long. 
The results were as follows: 
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AVERAGE 


a 


Pm 


a 


Initial Voltage 


11.45 


.29 


2.35 


.15 



The Humidity Soak test had essentially no effect on the modules. 

25 

Wet Isolation Testing 

All modules were tested using the SERI Hi-pot test procedure. The modules were fully submersed for 
30 one hour in a tub of tap water containing Alconox surfactant at 25 *C. They were tested for electrical 
. leakage for 60 sec. at 500 volts. 

The modules leaked at .020 to .030 mA. (The modules fail if the leak is .040 mA or more). 
Other tests where water immersion was done for longer periods of time prove that modules prepared 
according to the invention will last for 21 to 28 days on the average without a significant loss in power. 
35 It will be apparent to those skilled in the art that various modifications and variations can be made in the 
encapsulated photovoltaic module of the present invention without departing from the scope or spirit of the 
invention. Thus, it is intended that the present invention cover the modifications and variations of this 
invention provided they come within the scope of the appended claims and their equivalents. 
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Claims 



1 A method for encapsulating a photovoltaic module having an exposed surface, said photovoltaic module 
including a superstate and one or more photovoltaic cells disposed on said superstrate, said method 
comprising the steps of: 

forming a mixture comprising a two component fluorinated polyurethane with 3-glycidoxy-propyltnmethoxy 
silane; 

applying said mixture onto said exposed surface of the photovoltaic module; 

heating said photovoltaic module at a first temperature for a period sufficient to dry said mixture; and 
50 heating said photovoltaic module at a second temperature for a period sufficient to cure said mixture. 

2. The method of claim 1, wherein said mixture is applied onto said exposed surface of the photovoltaic 
module by spraying. 

3. The method of claim 1, wherein the amount of said 3-glycidoxy-propyltrimethoxy silane m said mixture 
ranges from 1.0% to 2.0% by weight 

55 4. The method of claim 1, wherein said mixture further comprises a solvent. 
5 The method of claim 4. wherein said solvent comprises methyl ethyl ketone. 

6. The method of claim 1, wherein said mixture is applied to said exposed surface of the photovoltaic 
module in a single layer. 
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7. The method of claim 1, wherein said mixture is applied to said exposed surface of the photovoltaic 
module in a plurality of layers. 

8. The method of claim 1 . wherein said first temperature ranges from 50 to 90 C. ^ 

9. The method of claim 1, wherein said second temperature ranges from 90 to 130 C. 
5 10. An encapsulated photovoltaic module comprising: 

a superstate and one or more photovoltaic cells having an exposed surface disposed on said superstate; 
and 

a barrier coating applied to said exposed surface of the one or more photovoltaic cells, said barrier coating 
comprising the reaction product of a mixture comprising a two component ftuorinated polyurethane and 3- 
io glycidoxypropyitrimethoxy silane. 

11. The encapsulated photovoltaic module of claim 10, wherein said barrier coating has a dry film thickness 

ranging from 1.0 to 3.0 mils. 

12. The encapsulated photovoltaic module of claim 10. wherein the amount of said 3-glycidoxy-propyl- 
trimethoxy silane in said mixture ranges from 1.0% to 2.0%, by weight. 

75 13. The encapsulated photovoltaic module of claim 10, further comprising an isolation scribe located around 
the perimeter of said exposed surface of the photovoltaic module. 

14. The encapsulated photovoltaic module of claim 13. wherein said isolation scribe has a width ranging 
from 5 to 8 mils. 
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